Background
Introduction
China has the largest elderly population in the world [1] . According to the United Nation (UN) Population Ageing Report in 2017, there were 22.8897 million people aged 60 and above in China, which accounted for 16.2% of the total population and this proportion is projected to increase to more than one third of its total (35.1%) by 2050 [2] . With this rapid aging process, the health of the Chinese elderly needs to be given more concern. Although advances in medical technology, improvements in lifestyle, and socioeconomic development in China has brought some benefits (e.g. lengthening people's life spans), the overall health of the elderly population is worsening [3] . In 2015, The UN proposed the 2030 Sustainable Development Goals (SDGs), including one specific goal for health: ensuring healthy lives and promote wellbeing for all at all ages [4] . The increasing percentage and deteriorated health of the elderly population will add more challenges for China to achieve this health goal. Healthy ageing has become a major issue for policy makers and researchers.
As early as 2000, living arrangements has been identified as one of the most pressing concerns of the aging population by the UN [5] . Numerous studies have shown that living arrangements of older adults are closely associated with their health [6] [7] [8] [9] [10] . As an important factor to affect health, living arrangements can reflect the patterns of social networks and social support to the elders [11] . Living arrangements are also closely tied to caregiving responsibilities [12] . It is generally believed that coresidential arrangements are better than solitary arrangements in protecting the health of older persons since the former are more conducive to social support exchanges, healthy lifestyles, and economies of scale [13] . It is also true for a Chinese traditional value set for coresidence doesn't only meet the demand for both sides to mutually support each other but also conform to the Confucian principle of filial piety that adult children are expected to care for their elderly parents [14, 15] . However, as the result of the accelerated pace of urbanization and social development, the centuries-old tradition of extended-family living arrangement for the aged has been declining in the recent decades [16] . The proportion of the elderly not living with children and the proportion of one-couple-only households among the elderly population has increased considerably [17] . Besides, unlike some developed countries where the social support system for elderly has been in place for years, China has yet to formulate a well-established support system for the elderly. It is of great significance to analyze the effects of different living arrangements of the Chinese elderly on their health, which can not only provide some suggestions for improving the health of the old population, but also can offer some policy reference for building a more reasonable elderly supporting system.
An increasing number of cross-sectional studies and a few longitudinal studies conducted in China have indicated that living arrangements have an effect on mortality [18, 13] , functional disability [19] , cognitive impairment [20] , psychological health [21] [22] [23] , and self-rated health [24] of the old-age adults. Health-Related Quality of Life (HRQOL), which was defined as an individual's or a group's perceived physical and mental health over time by the Center for Disease Control and Prevention (CDC) recently [25] , has also been investigated as an important overall health outcome for the elderly with different living arrangements [24, 26] . There were a lot of HRQOL measures, such as the Euro Qol 5-dimension questionnaire (EQ-5D), SF-36 and 12-item Short Form Health Survey (SF-12). Among those measures, the EQ-5D is currently the most widely used preference-based HRQOL measure internationally [27] , including for Chinese [28] [29] [30] . has investigated the HRQOL of the Chinese urban elderly with three different living arrangement by using the EQ-5D inventory [24] and Liang and Wu (2014) compared the EQ-5D and SF-12 in measuring the HRQOL of the empty-nest elderly in rural China [26] . However, those studies were limited by the lack of Chinese population preference weights when analyzing the association between the elderly's HRQOL and living arrangements. This study fills in the gap by adopting the Chinese-specific EQ-5D tariff [31] .
How the living arrangements of the Chinese elderly were categorized in empirical studies varied in the literature. Some studies made a more generalized classification of the elders' living arrangements [32, 33] , whilst others have a more multiple differentiation of living arrangements [13, 19, 20, 22] . For example, Chou and Chi (2000) compared the subjective well-being of Chinese elderly living alone and those living with others [32] , Qiang et al. (2015) examined the effect of 10 Living arrangements [22] . The literature on whether living alone or living with adult children are more beneficial to the health outcomes of the elderly shows inconsistent findings. For example, Li et al.'s study (2009) shows that Chinese older people who live alone have better health than the older people who live with adult children [13] ; however, found that "living alone" was a significant predictor of reporting problems on Mobility, Pain/Discomfort and Anxiety/Depression among Chinese urban elderly [24] . Thus in this study, based on the previous literature and the actual living habits of the Chinese elders, we compare the following four living arrangements: living alone, living with spouse only, living with spouse and adult children and single elderly living with adult children.
Furthermore, the majority of previous studies focused only on the health of the elderly with different living arrangements either in the urban or the rural area of China [23, 26, 34] . Considering the significant urban-rural socioeconomic disparity in China, it will be ideal to study the associations in both urban and rural areas using the same analystical framework to facilitate the comparison. This study serves this aim by using a representative household survey data from a province with a total number of 38.35 million residents in 2017 in China [35] .
The overall aim of this study was to investiagte the association between four mutually exclusive living arrangements and HRQOL of the elders by a large-scale representative survey data. The following two research questions will be answered: 1) Are different living arrangements closely related with the HRQOL of the elderly in China? 2) How do these relationships differ in urban and rural area and what related policy suggestions will be implied?
Methods

Data and sample
The data used in this study was derived from the fifth Health Service Survey of Shaanxi Province conducted in September of 2013, which was part of China's National Health Service Survey (NHSS). As a representative survey, NHSS is a cross-sectional survey organized by the Health Statistics and Information Center of China's Ministry of Health every five years.
In order to acquire the representative samples of rural and urban residents from Shaanxi province, a four-stage stratified random sampling procedure was applied, which involved first selecting 32 districts (in urban) and counties (in rural), 158 streets (urban) and townships (rural) in the second selection, then 326 community (urban) and villages (rural) in third stage and final selection of 20,700 households in total within the urban and rural area of Shaanxi Province. As the objects of the current study were the people aged 60 or above, the actual sample were 11,725, including 4447 urban elder residents and 7278 rural elder residents. By using face-to-face interviews, the questionnaire with the information on respondents' demographic and socioeconomic status, health status (measured by the EQ-5D), medical insurance status, exercise habits, and chronic disease information were completed by the trained investigators.
Variables and measures
Living arrangements. The living arrangements of the elderly were used as the key independent variable in the regression analysis. As explained in the introduction, four types of living arrangements were categorised: living with spouse only (LS), those who live only with his/ her spouse; living alone (LA), those who live by himself/herself; living with spouse and adult children (LSC), those who live with spouse and their adult children; the single elderly living with adult children (SLC), those elderly who live with their adult children after bereft of their spouses.
Other covariates. Other confounding characteristics which may have some influential effect on the HRQOL of the elderly were also included in the regression analysis, including the economic status (measured by using annual individual expenditure), gender, age, educational status, medical insurance (including the basic medical insurance provided by government and other medical insurance), residential region (including three area of Shaanxi province: Shaannan, Guanzhong and Shanbei, which does not only represent the geographic distribution, but also reflect different levels of economic development), physical exercise (from never to !6 times per week), medical examination and whether respondents suffering from chronic diseases.
Measurements of HRQOL. In the fifth NHSS, the Chinese version of the three-level EQ-5D (EQ-5D-3L) was included. The validity and reliability of the Chinese version of the EQ-5D-3L have been tested in China in previous studies [36] [37] [38] . EQ-5D consists of five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. There are three ordinal levels of responses for each dimension: no problem, a moderate problem, or an extreme problem (coded with 1, 2 and 3). Thus, if all five dimensions are coded with 1 (i.e. "11111"), it means the respondents have no problems with their HRQOL, whilst if all five dimensions are coded with 3, (i.e. "33333"), it indicates the worst HRQOL. After adding "unconsciousness" and "death" into the health states, there are a total of 245 unique health states can be defined in EQ-5D system. The EQ-5D-3L health profile was then scored using the Chinese specific tariff developed by Liu et al [31] to generate the EQ-5D utility score, which ranges from −0.1490 (for the worst health status) to 1 (for the full health).
Data analysis
Descriptive statistics including mean and proportion were reported for the demographic and social economic characteristics of the study sample. 95% confidence interval (CI) was used to estimate the difference of the EQ-5D utility scores of the elders in the urban and rural China. Since the dependent variable EQ-5D utility score usually exhibits a ceiling effect (i.e. a large proportion of respondents had the full health of 1), instead of the traditional ordinary least squares estimator, the tobit regression model was used to estimate the associations between living arrangements and the HRQOL of the elders in the urban and rural area [39] .
In order to examine the different aspects of the elder's health, we performed another logistic regression models (since those five dimensions are not continues variables) to analyze the association between the living arrangements and different dimensions of HRQOL of the elderly in different area. As dependent variables, the three levels of responses for each dimension were generalized into two catogaries (no problem and a moderate/extreme problem) in the logistic models, in which "no problem" was labeled 1 and "a moderate/extreme problem" were labeled 0.
The independent variables in the tobit regression model and logistic regression models included the living arrangements and other covariates. Except for the annual individual expenditure, all other variables were taken as dummy variables.
Ethical considerations
The design of the fifth NHSS was approved by the National Bureau of Statistics of China (NO. 2013 (65)). This study has been reviewed and approved by the Ethics Committee of Health Science Center of Xi'an Jiaotong University (No. 2015-644) and the requirement for the informed consent had been waived. All the data used in this study had been fully anonymized before we accessed them.
Results
Description of the sample
In urban area, the majority of elderly were categorized as lived with spouse only (LS) or lived with spouse and adult children (LSC), which accounted for 43.56% and 33.87% respectively, followed by another two living arrangements: SLC (12.57%) and LA (10.10%). Compared with the urban area, the corresponding proportions were slightly different in rural area, where the first two highest proportions of living arrangements (LS and LSC) were both lower than in urban area, which were 37.79% and 32.61% respectively, and there were more single elderly living alone (11.59%) and living with adult children (18.00%). Within the overall sample of 11,729 elder people (4,447 in urban area and 7,282 in rural area), the female elderly accounted for 52.26% in urban area and 49.48% in rural area. Among all the respondents, more than half of elderly were aged between 60 to 69 (29.95% elderly aged 60-64 and 24.24% elderly aged 65-69 in urban area, and the percentage of the couterpart in rural area are 35.94% and 25.31%), and there were 9.71% elders in urban area and 8.64% elders in rural area aged 80 and above. The detailed descriptive information of other covariates are shown in Table 1 . Table 2 shows the proportion of the elderly who reported having any problems in the five dimensions of EQ-5D in urban and rural area. More rural elderly reported having problems (either moderate or extreme) in any of the five dimensions than urban elderly. Compared with the mobility and self-care dimensions, the elderly in rural area suffered more moderate or extreme problems in dimensions of usual activity, pain/discomfort and anxiety/depression than the elderly in urban area.
Description of the EQ-5D dimensions
The estimated utility scores of EQ-5D for elderly with four living arrangements in urban and rural area was shown in Table 3 . As can be seen from the mean and 95% CI of the overall EQ-5D utility score, most urban elderly had better HRQOL than the rural elderly except those who live alone. In urban area, the overall EQ-5D utility score of elderly with the four living arrangements were, from high to low, living with spouse only (0.9141), living with spouse and adult children (0.9080), living alone (0.8392) and the single elderly living with adult children (0.8176). The EQ-5D utility scores ranked almost the same in rural area, and the EQ-5D utility scores of LS, LSC, LA and SLC are 0.0652, 0.0652, 0.8427 and 0.7720 respectively.
Regression results
In Table 4 , tobit regression estimates are reported on the association between living arrangements and HRQOL of the elderly in urban and rural area after controlling other covariates. The results indicated that the HRQOL of the single elderly either living alone or with adult children were worse than the elderly living with spouse in urban area, which were statistically significant. We found no difference between the elderly living with spouse and the elderly living with spouse and adult children in regard to the EQ-5D utility score. In rural area, compared with the elderly living with spouse, only the single elderly living with adult children had worse health (dy = -0.0207) and there was statistically significant. In addition, we found that almost all the covariates were significant factors which influenced the HRQOL of the elderly in China.
In the five dimensions of EQ-5D, the mobility, self-care, activity and pain/discomfort are used to describe the physical health and the anxiety/depression is for measuring the mental health. Table 5 shows the logistic regression estimates of each EQ-5D dimension for the elderly in urban area. Compared with the elders living with spouse, the elderly living alone had worse health in the dimensions of mobility(OR = 0.7688), selfcare(OR = 0.6934), pain(OR = 0.5910) and anxiety(OR = 0.7202) and the single elderly living with adult children reported more problems in dimension of mobility(OR = 0.7300), self-care(OR = 0.5842) and activity(OR = 0.7009), which were statistically significant. There was no statistically significant difference between the urban elderly living with spouse and the elderly living with spouse and adult children in relation to all five dimensions of HRQOL. As Table 6 shows, the living-alone single elderly in rural area had more health problems in anxiety/depression than other three livingarrangement elderly (OR = 0.8185). Compared with the elderly living with spouse, the single elderly living with adult children had more health problems in mobility, self-care and activity (OR = 0.7863, 0.7655, 0.7646). There was also no significant difference in the health status of the five dimensions between the elderly living with spouse and the elderly living with spouse and adult children in rural area.
Discussion
This study compared the HRQOL of elder adults with different living arrangements in urban and rural areas by using a large-scale representative household survey data. The descriptive results indicateds that there were more single elderly either living alone or living with adult children in rural area than in urban area. This is consistent with the latest national population Urban-rural difference in the associations between living arrangements and the HRQOL of the elderly in China census data, which showed that there were more single elderly, either being never married or berert of his/her spouse in rural areas of China [40] . Besides, more rural elderly reported having problems (either moderate or extreme) in any of the five dimensions than urban elderly, which was consistent with the previous studies on urban-rural health disparities among Chinese residents [41] [42] [43] [44] [45] . In China, it is commonly known that the urban residents enjoy more socioeconomic advantages, such as better education, higher employment, and better access to health care facilities. Health status closely follows a socioeconomic gradient, the lower an individual's socioeconomic status, the worse their health [45] . Besides, the rural elderly is simultaneously experiencing "being left behind", due to the vast rural-to-urban migration of the younger generation, which greatly weakened the tradition that the elderly relying on their adult children at their old age and would also cause great impact on their well-being. Dong and Simon's research (2010) also indicated that the rural elderly reported significant lower overall health status, lower quality of life and worse change in recent health compared with the urban elderly [44] . By comparing the estimated utility scores of the EQ-5D among the elderly with four living arrangements in urban and rural area, we can see that both in urban and rural area, the single elderly either living alone or living with adult children were more disadvantaged than the elderly living with spouse or living with spouse and adult children. As previous studies proved [12, 13] , having a spouse is the "greatest guarantee of support in old age" [46] . Marriage can bring health benefits through providing emotional intimacy, economic benefits, social control of behavior and more social integration [47] [48] [49] , which will in turn influence the health outcome of the elderly. Many studies showed that the elderly living alone were more likely to be depressed than those living with spouses [50] [51] [52] .
After controlling the confoundings, the tobit regression findings indicated that the living arrangements were associated with HRQOL of the elderly, but these associations differed by regions (urban or rural) and dimensions of HRQOL. In urban area, the single elderly either living alone or living with adult children are disadvantaged than the elderly living with spouse in overall HRQOL, which were consistent with another research exploring the association between living arrangements and HRQOL of the urban elderly in China [24] . However, the regression results in rural area showed that only the single elderly living with adult children had worse health than the elderly living with spouse and another study which used the data from China Health and Retirement Longitudinal Survey(CHARLS) also indicated the same results on the HRQOL of the rural elderly [53] . When we separately analyzed the associations of living arrangements with different dimensions of elders' health by using the logistic regression models, we found that the urban elderly living alone had worse physical and mental health than the elderly living with spouse, but they had better physical health than the single elderly living with adult children, which was consistent with the results of some previous studies conducted in China [19, 20, 24, 32] . In rural area, the single elderly living with adult children shows the worst physical health, while the mental health of the single elderly living alone was still the worst in the four living-arrangement groups. To conclude all the regression results, we found that the single elderly living with adult children both in urban and rural area had the worst physical health and "living alone" was a significant predictor for the single elderly to report mental problems. The possible reason for the worst physical health of those single elderly who live with adult children might be that living with adult children was a passive choice, for previous studies have shown that disability in Activity of Daily Living (ADL) positively influences the selection of living arrangements for the elderly [19, 54] . Elderly with cognitive impairment and ADL disability are more likely to live with family members [20] . If the elderly lost care from their spouses, to live with their children is the only choice for them. In the research of Anderson et al.(1998) , it was indicated that the elderly women who live alone appear to be protected against functional declines [55] . However, due to the limitation of our the data, we can't confirm whether their worse physical health influences their selection of living arrangements or whether coresidence with adult children may negatively influence the health of those single elderly.
Elderly people living alone have been described as an "at risk" group by the World Health Organization [56] . As previous studies has proved that living alone was linked to psychological disadvantages [22, 23, 50, 51] , our results also indicated that both urban and rural living-alone elderly reported worse mental health than the elderly living with spouse, but only the urban counterparts showed worse physical health. A prior study which sought to examine whether living alone affects Chinese elders' physical health and emotional well-being also provided evidence for this phenomenon [57] . We explain these results in several ways. Firstly, based on Chinese traditional values and living preference, most Chinese elderly either in urban or rural area tend to choose to live with their family members when they become single. If they have no family members or the family members are not willing to live with them, and living alone is not their choice, they may feel abandoned, less loved and cared about, and even depressed. Second, although it's hard to believe that living alone is a physical health protective factor for the rural elderly, due to the less available pension and welfare system in rural area, the rural elderly have to depend on their farmland to make a live and keeping on working on the farm may improve their physical health in return. Therefore, as a result of selective survival, the elderly who live alone might be only those who can physically, emotionally, financially, and socially afford to live alone-they are either healthier or more resourceful than those living with others [57] . In Li's study, it also pointed that living alone lowers the risk of ADL disability of the elderly [13] . Although the Chinese government had made a law mandating parental visits in 2013, millions of "empty nest" elderly still confronting long-time loneliness and their depression symptoms are very easy to be neglected, compared with their physical health. Combined efforts and support from family, community and governments are needed to improve their psychological well-being.
Almost all the factors listed in this study may influence the HRQOL of the elderly, however, when the five dimensions of EQ-5D were separately analyzed in differentiated regions (urban and rural), those factors also presented different effects on the HRQOL of the elderly. In urban area, the economic condition only influenced the dimension of mobility, but it had effects on all the dimensions of EQ-5D in rural area.Given the poor HRQOL of the rural elderly, it is crucial to strengthen their economic independence. Compared with the female elderly, the male elderly had better HRQOL both in urban and rural area. However, the gender difference in association with five dimensions of HRQOL area was different between urban and rural. In urban area, only the the dimension of pain shows gender difference, but in rural area, the gender difference were significant in regards to all five dimensions in rural area, which indicated that the female elderly in rural area had worse physical and mental health than the male elderly. Policy makers should pay more attention to the female eldlely, especially those living in rural area.
There are some limitations to the current study. First, although the result of the current study may provide some policy implications for governments, our use of the data from Shaanxi province which is loated in the western region of China may limit its applicability to other provinces or the whole country. Second, we aimed to analyze the associations between different living arrangements and HRQOL of older Chinese adults, however, due to the limitation of our household-survey data, we can't include the elderly living in the institutions and give a whole picture of all the living arrangements. Third, although we have controlled some confoundings, there still be some other potential factors which might cause a deviation of the results, such as dietary habit, smoking or not, disposition of the elderly and so on. Lastly, it is impossible to fully understand the reasons for association between living arrangements with HRQOL of the elderly through quantitative analysis alone and qualitative or mixed methods are needed in future studies to provide us more explanatory insight.
Conclusions
Living arrangements of the elderly is associated with their HRQOL and there exist heterogeneity in rural and urban areas. Policies that can reduce the health inequity between urban and rural area should seek, for example, to increase financial support and social assistance to the rural elderly. Family support is still the primary and most important support for Chinese elderly, especially the support from a spouse, which plays an important role in maintaining and improving the physical and mental health of the elderly. More attention should be given to those single elderly who are living alone and living with adult children because of the worse mental health of the elderly living alone and worse physical health reported by the single elderly living with adult children both in urban and rural area. In terms of the poor mental health of the living-alone elderly, government, community and family members should work together to build more harmonious surroundings for those elderly and give them more care and attention. Although coresidence is considered as the ideal living arrangement for Chinese elderly, solitary living arrangement doesn't mean disadvantaged health for all elder adults. For those who can completely live on their own in rural area, living alone may benefit their functional and ADL ability. Additionally, with the increasing number of the oldest old in China, more diversified living options should be provided for the elder adults to choose based on their need and preference.
